The intent of this brief article is to answer the logical question, "What sort of mathematics could be used to explain how non-locality (entanglement) happens?" The interest here is that, although physicists agree that entanglement is a real phenomenon, thus far no physical or mathematical explanations of this phenomenon have been put forward. The present article takes a logical metamathematical approach searching for a plausible explanation. A Moebius topology is used to describe the relationship between matter and anti-matter, thereby pointing to an explanation of non-locality. What are the physical implications of this topology? How would it show up in the laboratory?
1 For the purposes of this article, entanglement, i.e., instantaneous (or near instantaneous) non-local causation, is taken as a fact. The reasons for this are simple. Not only was it predicted to be statistically possible by John Bell (Bell, 1966) , but it was shown to be experimentally efficacious by Alain Aspect (1980) . More recently there have been split photon experiments at CERN and at Atominstitut in Vienna as well as entangled neutron experiments in Vienna and elsewhere. Thirty years of known nonlocality have passed and we are still lacking for an explanation, even at the level of why are there different entanglements. What is the difference between "robust" and "nonrobust" entanglements?
Probably the biggest obstacle is that all the mathematical-physical language in our tool shed dictates that no signal can traverse space-time faster than c, the speed of light in vacuum. This would a priori eliminate any super-luminal possibility. Non-locality, being the worst case scenario of superluminality, would then constitute the simply impossible.
In our choice of tools the only way a particle could know what another particle is doing at the same time would be if the particles were, in someway, one and the same. If we are talking about two spatially separated particles, this would be exceedingly difficult to imagine. Entanglement is being a fact, could there be a way in which the interacting particles (matter and anti-matter) be considered "the same?" If we are talking about two separate particles and this instantaneous transmission of information makes sense only in the event that the particles are in some way identical, it makes sense to ask the question, "How, if in any way, two distinct particles could share an identity?"
Two distinct entities could share a topology and therefore an identity only if there exists a topological shape that would consistently accommodate both. Does such a shape exist? The answer is, yes. In topology there is a figure called "the Moebius strip." A Moebius strip is a topological surface having an unspecified length, a smaller unspecified width and a mathematically differential thickness; additionally, the strip is raised into the next dimension (outside of its differential thickness) connecting the ends with a 180 degree relative twist. The reasons for our rejecting a flat four-dimensional Moebius are given at the end of the article. Now if one stands on a particle and looks at its anti-particle, any topological relationship presumed must be that of a Moebius. This is so because all the charges (except mass) look as though they had been reversed in space-time. The Moebius configured in the following diagram does just that. In traversing from the intersection (with 4-dimensional space-time) that is the particle to that of its anti-particle, each point in space-time is exactly reversed in order. This is the apparent intrinsic topology between the particle and anti-particle, giving a mathematical framework where two distinct four dimensional particles could share a topology in five dimensions. The Moebius strip, as configured in the following diagram fulfills the requirements. The diagram itself is representative of three dimensions where the three dimensions of space are represented as R which is the straight line distance between the particles. In 3-space, = + + . The particle resides at one intersection with space-time, while the anti-particle inhabits the other intersection. The strip gives the simplest possible Lorentz invariant path (map) to get from the mathematics of a particle to those of the anti-particle.
Notice that in the diagram, the figure's twist has been confined. This can be thought of as surgically connecting a Moebius (the 180 degree twist) with its endpoints intact to an annulus with its endpoints deleted an arrangement that combines a non-oriented surface with an oriented surface. This allows particle and anti-particle to be in separate spatial locations and yet share a structure which exactly maps the mathematical relationship between the two. The next step in the logical discourse would be to ask if this figure could sustain non-locality. The Moebius/annulus could sustain non-locality only if the structure were semi-rigid, i.e., rigid in the direction of the circumference. If the structure were semi-rigid, then any time something happens to dislodge the shape at the location of the particle (up or down) the shape would be immediately dislodged at the location of the anti-particle (down or up). Since the shape pierces 4-dimensional space-time orthogonally, any reorientation should affect the particles' helicities. This would describe what the Aspect experiments, among others, have shown, namely, matter entangled in this manner is connected instantaneously or near instantaneously with their counterparts via their helicities with a relative symmetry of 4 . The 4 symmetry comes from the fact that a Moebius has a circumference of 4 . Now it can be claimed that there exists a logically consistent, smooth shape that exactly describes the mathematical relationship whatever it might be between matter and anti-matter and sustains nonlocality via helicity, with the Moebius/ annulus semi-rigid structure. Of course this does not in itself prove that such a relationship actually exists in nature. However, since the mathematics of the particles can be related this way and since entanglement is a fact, this path seems like a logically reasonable one toward empirical possibility and evidence therewith.
So far we have dealt with the case of a "direct entanglement" between pair produced particles. But what about other entanglements of the "less Robust" sort? These types (indirect) entanglements come from a different property of the moebius.
If we take a simple moebius strip figure and cut a small portion from the width (a portion commensurate with the size or energy of the smaller entangled particle) by the time we finish the cut, the resultant smaller will separate from the mother strip. This breaks the connection of the strips via the rigid structure. However, it does not sever all connections. The two resultant moebius strips are still intertwined like two links of a chain. In the case of a blue and green photon breaking from the atom the chain analogy ceases. In the case where more strips are cut from the mother strip, the resultant moebiuses are all looped together each looping through all the other loops as well as the original. In this way a "secondary" entanglement is produced. This would correspond to the "less robust" entanglements.
The next question to ask is: "if the intrinsic topology is determined by this extrinsic topology, what physical results should be noticed?" The extrinsic topology of the Moebius should project a distortion in (or on) space-time. If it is assumed that the particles have this relationship, then there would have to be a topological crossover between particle and anti-particle. If this is so, there is no way to avoid a resultant distortion in four-dimensional space-time and hence in three dimensional space.
What type of distortion? Configured this way, the Moebius/ annulus should create a lens, a very thin double convex lens, between the particles in four-dimensional space-time. One can be convinced of this by viewing the diagram straight down the Waxis as the shape would project on spacetime. This is what is depicted in the figure at the top right of the diagram.
What would be the physical results? A lens in a local space-time would displace a geodesic at that point by an amount no larger than massive particle size, and no smaller than the massless photon size. This is so because if the particles are intrinsic to 4-space, then the distortion produced by the projected strip would be maximally massive particle size. This is the case when we are considering the pair. If in our diagram, we move the strip down the W-axis so the only part touching the plane (R, t) (space-time) is the single point at the top of the shape, we would be representing the photon. This photon has only a mathematically differential extension into R (not in diagram). Now if we consider the strip in its photon configuration, i.e., when the strip touches 3-space at the single point where the strip has minimal (mathematically differential) extension into that 3-space, then the physical size of the massless photon would be the minimal distortion in that 3-space.
So if there is a topological relationship between the two particles and if it is such that the intrinsic topology results from what its extrinsic topology must be, that of a semi-rigid Moebius/Annulus, then a distortion, albeit very small, must exist in our 4-dimensional universe. This distortion should displace a local geodesic by an amount on an order somewhere between the massive particle size and the massless photon size.
Is there anything in the universe that might hint this is so? The logical place to go for an answer would be the place where pair production is most abundant. It is now known that black holes are driving galaxies and their clusters from their centers. This makes sense since black holes would create the largest distortions in space-time, larger by far than other masses in a galaxy. It is also known that black holes would be by far the largest pair producers although other stellar objects do produce some pairs.
NASA and Caltech have published dark matter distribution maps 2 . The source centers of lensing are relatively smooth and spherically symmetric. This would be at the very least consistent with the idea that the pairs produced by black-holes (whether or not anti-particles were retained) would expand into space relatively smoothly and spherical symmetrically.
Is this enough to prove anything? Certainly not. However, since the mysterious dark matter is evident, containing on the order of thirty to ninety percent of the mass of the universe, and since there is a consistent extrinsic topological structure that can maintain the apparent intrinsic topology implying lensing, this is a possible reason to investigate the concept of probes into higher dimensions.
If this approach is logically credible, the next question would be "how this effect could be tested in the laboratory?" Since entanglement of particles produces deflection, all that needs to be done is to produce a sufficient number of particlepairs, such that their collective distortion would affect a noticeable deflection of light.
Once this is achieved in the setup, then a high definition instrument (e.g., the CRG-C S-18 channel cut interferometer) could be used to track the photon paths in and around the collected pairs. Since the 2 http://www.NASA.gov/mission_pages/hubble/science/dark_matter-map-gallery.html number of total pairs would be known, the average deflection per pair could be calculated. To be safe, when the deflection is estimated, the minimal distortion figure should be used. That deflection is on the order of the size of the photon.
The size of the gamma ray photon is on the order of 10 -14 m. The S-18 CRG-C thermal neutron interferometer has a momentum resolution of 1.5X10 -15 m -1 . Using the published angular resolution of .01 arc seconds yields for example roughly 70,000 pairs of electrons and positrons that would give enough of a deflection to register in the case of pair-produced entanglements.
A topological note is appropriate. One might make the argument that an extra dimension is not necessary and that the above could be better expressed with a four dimensional flat Moebius. If this were done, there would exist a photon at the crossover between the two particles at the same time. However, such is not the case. In reality, either the photon exists or its pair produced descendants but not both at the same time. The massless and massive participants of pair production do not coexist. So if the Moebius shape is taken seriously, then the fact that photons do not coexist with the electrons and positrons dictates an extra dimension in which the photon resides while its descendants live in four dimensional space and vice-versa.
